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In the present work we are reporting the preparation conditions of GaAs thin films and the technique employed to produce films deposited on
Ge wafers substrate at constant substrate temperature by thermal evaporation method. Also it includes photovoltaic measurements which al
presented by current voltage characteristics, photocurrent, shortcircuit, open - circuit voltage of GaAs/Ge heterojunction, at room temperature
and different annealing temperatures. All the samples were prepared under constant conditions (pressure, substrate temperature and re
of deposition); the main parameters that control the nature of the film properties are thickness (0.4, 0.7, 1.Quamdahd annealing
temperature (473 and 523 K). The dark current decreases with increasing of thickness; whereas increases slightly with increasing of annealin:
temperatures. Under illumination, the photocurrent increases with increasing of annealing temperatures and decreases with increasing ¢
thickness except at thickness equal to AB. There is a linear increasing in the first part of the relation between Isc and Voc with incident
power intensity and then the saturation region appeared. The Isc and Voc decrease with increasing of thickness, while increase with increas
of annealing temperatures.
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1. Introduction mains (APDSs), which are characteristic of polar-on-non polar
epitaxy, and suppression of large - scale inter diffusion across

Germanium (Ge) has been one of the most studied materthe GaAs/Ge heterointerface remain key challenges for in-
als as its properties benefit many applications. Ge was therease yield, reliability, and performance [13,14].

choice of material used in the first bipolar invented transis- From a commercial perspective, the utilization of thermal
tor in 1949 by Bardeen, Brattain, and Shockley [1,2]. Due€vaporation for GaAs/Ge heterojunction fabrication offers
to its small energy band gap 0.66 eV, Ge is also used in optid highly cost-effective and scalable alternative to expensive
cal and optoelectronic devices, (such as photodetectors, sol@pitaxy techniques like MBE or MOCVD, making it attrac-
cells,and waveguides) [3]. In addition, Ge films can be growriive for mass-produced terrestrial and space solar applications
epitaxially on the GaAs heterostructures typically used fol15]. In the present work we are reporting the preparation
fabrication of a number of types of electronic devices, suctfonditions of GaAs thin films and the technique employed
as photodetectors, diodes and sensors of temperature, mdg-produce films deposited on Ge wafers substrate at con-
netic field and strain [4,5]. Ge and GaAs have almost thestant substrate temperature by thermal evaporation method
same lattice parameter at room temperature [6]. GaAs/GEL6]. Also, it includes photovoltaic measurements which are
epitaxial heterostructures have received a great deal of atteRreésented by current - voltage characteristics, photocurrent,
tion as starting materials for the fabrication of space qualityshort - circuit, open - circuit voltage of GaAs/Ge heterojunc-
solar cells and their potential application in electronic andtion, at room temperature and different annealing tempera-
optoelectronic devices. tures.

Due to its high mechanical strength, Ge is an optimized
substrate material in terms of its power - to power ratio for2  Experimental procedure
high efficiency GaAs/Ge photovoltaic devices. As large area,
minority carrier devices, IlI-V/Ge cells are extremely sensi- Two types of substrates were used in this study: glass slides
tive to defects [7,8]. GaAs devices fabricated on a Ge subwhich were used to study the structural, electrical and opti-
strate can have higher resistance to thermal burn out thazal properties of GaAs films; and p-type Ge wafer substrate
those fabricated on a GaAs substrate, as Ge has thermal comith crystal orientation (100), with electrical resistivity of
ductivity compared to GaAs [9,10]. The devices on Ge will 55.5Q-cm, free carriers concentration %302 cm—3 and
be more economical as the cost of Ge wafers is less than thttickness of 45Q:m. The Ge substrate forms with GaAs film
of GaAs wafers [11,12]. The elimination of antiphase do-the heterojunction. To ensure accurate electrical characteri-
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zation of the GaAs layer and avoid parasitic conduction from3. Results and discussions

the substrate, separate GaAs films were deposited on insu-

lating glass slides under identical conditions for Hall effect3.1. Structural properties

measurements. Flash evaporation technique was used to pre-

pare GaAs films to avoid the segregation problem. This techIhe structural properties of the deposited GaAs thin films
nique, which involves instantaneous evaporation of the mawere investigated using X-ray diffraction (XRD). As shown
terial with minimum time of contact with the evaporator, hasin Fig. 1, the XRD patterns exhibit three distinct peaks at
been successfully used for growing precisely stoichiometri? values of approximately 27:545.5, and 53.5, corre-

films of compounds whose constituents have widely differenfPonding to the (111), (220), and (311) planes of the cubic
vapor pressures. zincblende structure.

The structural properties of the deposited GaAs thin films
were investigated using X-ray diffraction (XRD). As shown
In this technique, the finely powdered evaporating matein Fig. 1, the XRD patterns exhibit three distinct peaks at
rial is allowed to drop grain by grain onto a hot surface whose2g values of approximately 27°545.%, and 53.8, corre-
temperature is maintained well above the evaporation tempegponding to the (111), (220), and (311) planes of the cubic
ature of the least volatile constituent of the evaporant. Theincblende structure.
preparation of GaAs films with satisfactorily reproducible A significant increase in peak intensity and a reduction
properties demands special technological procedures. Thergrthe Full Width at Half Maximum (FWHM) were observed
fore, flash evaporation techniques were chosen in the presegs the annealing temperature increased from 303 K to 523 K.
investigation [17,18]. The required weight of GaAs powderThis indicates an enhancement in crystallinity and an increase

was charged into a funnel structure which was fixed in then grain size, as detailed in Table I. The improved grain size
holder and the boat was mounted under the funnel between

two electrodes in the vacuum chamber. The substrates wert
fixed on a spherical holder and placed in position at height of
about 12 cm above the boat.

(m)

J
{
(2209
(311)

Before starting the evaporation process, the substrate wa:
heated to about 433 K. The temperature was monitored by &

ty a.v)

i

using a digital thermometer. When the system was pumped= \\“’Ww WMW Taszox
down to a vacuum of 1@ mbar, an electric current was . mw/\w Taxé73K

passed through the boat gradually to prevent breaking the %“‘fww

boat, when the boat temperature reached the required tem oo W/M

perature the deposition process starts with constant deposi . : . . s s . . .

20 30 40 50 0 70

tion rate. After these steps the current supply was switched 26 ( degree)

off and the samples were left in the high vacuum for one dayg,; re 1. X-ray diffraction patterns of GaAs thin films (1am

and then the air was admitted to the chamber, and the filmgjckness) deposited on Ge substrates at room temperature (303 K)
were taken out from the coating unit and kept in the vacuunmand after annealing at different temperatures (473 K and 523 K).
desiccators until the measurements were made.

TABLE |. Structural parameters of GaAs thin films at different an-

... _nealing temperatures.
All the samples were prepared under constant condition§€!NJ temperatures

(pressure, substrate temperature and rate of deposition); the D(A) (hkl) a(d) Aexp (A) 20 (degree)
main parameters that control the nature of the film proper- GaAs Films at T = 303 K

ties are thickness (04, 0.7, 1.0 and m) and annealing 37.550 111 5611 3.240 275
temperature (473 and 523 K). There are many methods used ;47 355 220 5.632 1991 455

to determine the film thickness. In this part two experimen-
tal methods of thickness measurements were used. Weight
ing Method |-V measurements have been done under illumi-

97.007 311 5.674 1.711 53.5
GaAs Films at T, =473 K

nation for the GaAs/Ge heterojunction which was prepared 54881 111 5611 3.240 27.5
with different thicknesses and annealing temperatures at for- 48.481 220 5.632 1.991 45.5
ward and reverse conditions with different intensities (30-105 103.474 311 5.674 1.711 53.5
mW/cn?) by using Halogen lamp type Philips of 120 W. The  GaAs Films at T, =523 K

current-voltage measurements in the dark were done for the 155 211 111 5611 3.240 27.5
GaAs/Ge heterojunction by using Keithley digital electrome- g5 345 220 5 632 1.991 455

ter 616 and D.C. power supply. The bias voltage was varied

. . . 118.908 311 5.674 1.711 53.5
in the range of (0-1 V) in the case of forward and reverse bias:
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t = 10 pm the enhanced I-V characteristics of the GaAs/Ge heterojunc-

tion.
0.9 —e—Ta=303 K

= ——Ta=473 K
0.8 _%\ Ta=313 K 3.2. Hall effect measurements

Hall effect measurements on GaAs films deposited on glass
substrates confirmed n-type conductivity with a negative Hall
coefficient. Figure 2 displays the linear Hall voltagegV
and current for the 1.@um film, where the increase in ¥
with annealing temperature (Y indicates a modification in

0.7 7

VE(Volf)
=
(=%

0.5 7 free carrier density and mobility. These results provide exper-
imental evidence for the formation of an n-GaAs/p-Ge het-
0.4 1 erojunction when deposited on p-Ge wafers.
0.3 ; ; 3.3. Characteristics for GaAs/Ge Heterojunction under
0 0.1 02 0.3 dark

-6
Blg et One of the important parameters of diode measurement is a
FIGURE 2. Hall potential (Vi) as a function of current for thin  cyrrent-voltage characteristic which explains the behavior of
GaAs films of thickness (1.am) at room temperature and differ-  1ha regyltant current with the applied forward and reverse bias
ent annealing temperatures (473 K and 523 K). voltages. Figure 3 shows |-V characteristics for GaAs/Ge
(reaching 155.A at 523 K) reduces grain boundary scatter- heterojunction at forward and reverse bias voltages for dif-
ing and recombination centers, which directly correlates witHferent thicknesses and annealing temperatures.
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FIGURE 3. |-V characteristics for GaAs/Ge heterojunction at forward and reverse bias voltages for different thicknesses and annealing
temperatures.
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In general, the forward dark current is generated due tgion (> 0.3 V), the diffusion current dominates [20]. Also
the flow of majority carriers and the applied voltage injectswe can observe from this figure that the value of the current
majority carriers which lead to the decrease of the built - indecreases with increasing of thickness of GaAs films which
potential, as well as the width of the depletion layer. As theis attributed to evolving defects and dislocations that have an
majority and minority carrier concentration is higher than theeffect on the mobility of charge carriers. Also these defects
intrinsic carrier concentratiomf < np) which generate the evolutions allow energy levels to be within the energy gap,
recombination current at the low voltage region (0-0.3 V).these defects are within the depletion region and act as ac-
This is because the excitation of electrons from valence bantive recombination centers, and consequently they decrease
(V.B.) to conduction band (C.B.) will recombine them with current flow across the junction. This behavior is similar for
the holes which are found at the V.B., and this is observed byll the film thicknesses except at thickness equal touinb
the little increase in recombination current at low voltage re-We also observed that the current increases slightly with in-
gion [15,16]. On the other hand, tunnelling current is presentreasing of annealing temperature because the increasing of
at the high voltage regionx( 0.3 V). After that there is a fast temperatures causes a rearrangement of the interface atoms
exponential increase in the current magnitude with increasand reduce the dangling bond which leads to improvement of
ing of the voltage and this is called diffusion current, whichthe junction characteristics [21,22].
dominates [19].

3.4. Short circuit current and open circuit voltage mea-

The reverse bias current also contains two regions. In the surement for GaAs/Ge heterojunction
first region of low voltages< 0.3 V), the current slightly
increases with increasing of the applied voltage, and the gerfFhe variation ofl,. as a function of incident power intensity
eration current dominates, while at second high voltage refor GaAs/Ge heterojunction at different thicknesses (0.4, 0.7,
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FIGURE 4. The variation ofl,. as a function of incident power intensity for GaAs/Ge heterojunction at different thicknesses and annealing
temperatures.
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FIGURE 5. The variation ofl/;. as a function of incident power intensity for GaAs/Ge heterojunction at different thicknesses and annealing
temperatures.

1.0 and 1.5um) at R.T and annealing temperatures (473 and  The variation ofl/,,. as a function of power light intensity
523 K) is shown in Fig. 4. for GaAs/Ge heterojunction at different thicknesses (0.4, 0.7,

- . 1.0 and 1.5um) and at R.T and annealing temperatures (473
We can observe from this figure that tlig. increases and 523 K) is shown in Fig. 5.

with increasing of the incident power intensity. The behav- Also we can divide this figure into two regions: a lin-

ior of I, is linear at the first portion and this is attributed to . . S .
ear region at low illumination intensities, and a tendency for

he incident power intensity. In th n rtion there i . . . S "
the incident power intensity. In the second portion there S & saturation region at high illumination intensities. Tiig

tendency to saturation with increasing of the incident power o . . T
: . I S ecreases with increasing of thickness due to recombination
intensity at a limited range, due to the recombination e1°fecfj

[23.24]. We can observe that, decreases with increasing of processes at traps centers inside the materials or at the sur-
T 99" tace. TheV,,. increases with increasing of annealing temper-

thickness of GaAs films about two times. This is attributed toa%ure due to the reduction of the defects and localized states

the defects which act as capture centers to the generation of : -
. : . o2 and increasing of the mobility.

carriers, leading to an increase of the recombination process

and a decrease of the current valug, increases with in-

creasing of annealing temperature due to the decrease of tle  Conclusions

defects by annealing and the improvement of the structure

[25,26]. The observed enhancement in solar cell parametefsrom the obtained results of the present work, we conclude

via simple thermal evaporation underscores the potential fothat the mechanism of the forward current coincides with

low-cost commercial photovoltaic devices. the recombination- tunneling mechanism. The dark current
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