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Abstract

The optical response characteristics of Se/Sb thin film heterojunction deposited on
a p-type silicon substrate were studied. Results indicated that the obtained isotype
heterojunction is linearly graded and has 0.8V built-in potential. Also, the maximum
spectral responsivity and maximum quantum efficiency were obtained at the region of (600-
650) nm and the detectivity was about 7.77x10' cm.Hz "> W'. Response time of the
manufactured detector was about 225ns. This work is a good attempt to manufacture the
heterojunction detector from V and VI elements.
KEYWORDS: Isotype heterojunction, Si-based devices, Sbx-1Sex devices, Optical
response
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Introduction: growing hetero-epitaxial layers of any

There are many available techniques for semiconductor material. Usually, the films
the fabrication of heterojunctions those are grown by  this  technique  are
the base of most photoelectric devices polycrystalline [1, 8-10].
such as detectors, solar cells and The most common compounds formed
semiconductor lasers. Such from II-VI, IV-VI or IlII-V groups are
heterojunctions are prepared by growing important semiconductors. The main
epitaxially one semiconductor material necessary requirements of such structures
onto a different semiconductor material. are parity and equivalence. Due to
The most common preparation techniques previous works, structures made of V-
are chemical -vapor deposition (CVD), group elements (As, Sb and Bi) combined
solution growth, alloying, sputtering and with VI-group elements (Se, Te and Po)
vacuum evaporation [1-7]. are not common to form compound

In  vacuum  evaporation,  direct semiconductors. Extensively studied in
evaporation of the semiconductor or co- order to achieve good semiconducting
vaporation of the constituent elements of properties, the chalcogenides of antimony
the compound semiconductors are the (Sb) are interested. They have rather
main employed processes and subsequent complex lattices and prepared by direct
condensation on single crystal substrates reaction of elements at 500-900°C. Both n-
in high vacuum can be used principally for type and p-type materials can be obtained
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by appropriate doping [1, 11-12].

Experiment

A 150 nm-thickness thin film of
antimony was deposited on a Ixlcm® p-
type (111) silicon substrate using 10°torr
vacuum evaporation system. The substrate
was kept inside the chamber and a 150 nm
thin film of selenium was deposited over
the Sb film by the same system. Hence, a
300 nm-thickness region of n-n isotype
Selenium-Antimony (Se/Sb)
heterojunction was formed. The deposition
rate was ~30 nm/min and the tolerance of
such process is <3%. The aluminum top
contacts were deposited on the selenium
layer while nickel contact was deposited
on the silicon backside. Fig. (1) explains
the structure of the heterojunction detector
manufactured in this work.

Measurements  included transmission
spectrum, reverse and forward 1 -V
characteristics, C-V characteristics and I-V

characteristics in dark and under
illumination by a halogen lamp,
wavelength-dependent responsivity,

quantum efficiency, specific detectivity
and response time constant Se/Sb-on-Si
structure. In order to carry out the
electrical measurements, a 10k: resistor
was connected in series with the detector.

Results And Discussion

As shown in Fig. (2), the Se/Sb
structure formed on glass slide has
transmittance lower than that of Se or Sb
films individually. This is definitely a
result of increasing thickness. This
structure changes its transmittance 3 times
as the wavelength of incident radiation
changes over the range 400-1100 nm
which may be considered reasonable tends
to be more transparent at long-wavelength
region. Wavelength range of the used
spectrophotometer does not allow to
measure at longer than 1100 nm.
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The structure of Se/Sb formed on silicon
substrate was found sensitive to the
incident light as shown in Fig. (3). The
photogenerated current increases by a
factor of 10 as the incident light intensity
increases by 2.33 times only. That assigns
good photo-conductive effect and no
saturation was observed.

The I-V characteristics shown in Fig.
(4) explain good rectifying behavior for
the n-n isotype heterojunction formed.

Within the applied voltages used in
measurements, no breakdown  was
observed  under  reverse biasing

condition.We have used two lasers (He-Ne
and diode) to examine the dark and light
current characteristics, as illustrated in Fig.
(5). The dark current is less than 0.1mA
and the device is more sensitive to the
632.8 nm radiation than to 570 nm. So,
this may encourage studying the optical
response characteristics at this region of
wavelengths (red).

In order to determine the type of the
heterojunction formed, C-V measurements
were performed under reverse biasing
condition as shown in Fig. (6). The
heterojunction was found linearly graded
and the built-in potential (Vbi) is about
(0.8V).

Fig. (7) shows the wavelength-
dependent spectral responsivity (R;) and it
is clear that maximum responsivity

appears at the red wavelengths and its peak
is at about 630 nm. Also, the device has
another peak at about 850 nm but lower
than that at 630 nm. Such results may
stimulate to manufacture detectors and
sensors to both peaks. The shape of
responsivity function at low wavelengths
depends on the surface conditions.[5]
Photons of such wavelengths (<550 nm)
are absorbed at the vicinity of the surface
where they generate electron -hole pairs.
Such effect caused these pairs to
recombine before reaching the
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junction.[12] Hence, the availability of
charge carriers will be reduced due to
recombination and the responsivity
decreases.

External quantum efficiency (EQE) was
determined as a function of wavelength, as
shown in Fig. (8), and al19.6% maximum
EQE was achieved at 630 nm. Such value
could be acceptable in designing and
manufacturing of solar cells and photonic
detectors. Though, this value of EQE is
lower than that of silicon photodiodes as
the latter have taken too much interest by
researchers and engineers.

There are two interpretations for the
introduced characteristics of the Se -Sb
structure. The first one proposes formation
of Sb,,;Se, intermediate layer. The
enhanced characteristics are attributed to
the new properties of Sbx-1Sex layer
(much probable Sb,Se;). The structure of
Sb,Se; is already a  compound
semiconductor of 1.3eV band-gap [10] that
reveals the peak response is ranging about
950 nm+20 nm whereas peak response in
this work was observed at 630 nm%15 nm.
This may be attributed to the formation of
Sby.;Sex and partial amounts of both
elements (Se and Sb) [6].

The second interpretation is the
contribution of Sb/Si and Se/Si layers,
individually, to the characteristics of the
heterojunction structure. In this case, the
characteristics of the upper layer (Se)
support those of the lower layer (Sb)
producing more sensitive and less
transparent structure. As the thin-film
structure is formed on a semiconductor
substrate (in this work it is silicon), two
effective regions are formed. The first
region is formed between the substrate
(silicon) and the lower layer (Antimony)
while the second one is formed between
the two deposited thin films themselves,
which in turn includes two probabilities as
mentioned above. Most elements of V
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group demonstrate responsivity at 500-650
nm region when diffusing in silicon [1].

The specific detectivity (D) of the
Se/Sb-on-Si heterojunction was measured
at room temperature as a function of
incident light wavelength. Results of D*
are illustrated in Fig. (9) and the maximum
value is about 7.77x10"cm.Hz "W,
which may be considered low as compared
with the obtained results from III-V and
IV-VI structures. Attempts to increase the
external quantum efficiency (EQE) are
required for consecutive increasing in D
levels.

A rise time of 0.5Ps was measured and
the response time being about 227ns.
Despite that this time is rather long for
some applications, some other applications
require photonic devices with good
stability in operation. The Se/Sb-on-Si
heterojunction detector of this work
explained good stability as the temperature
was raised over room temperature
(~45°C).

Conclusions

With a preview of the obtained results
in this work, an isotype Se/Sb
heterojunction was formed on a p-type
silicon substrate. The achieved
characteristics can be interpreted by to two
probabilities. The formation of a
semiconducting Sbx-1Sex intermediate
layer is possible and this layer possesses
properties better than both elements
individually. Also, the formation of two
heterojunction regions (Sb/Si and Se/Si)
contributing to the overall characteristics
of the structure is also possible. The results
indicated that the obtained heterojunction
is linearly graded with 0.8V built-in
potential, the maximum of both spectral
responsivity and quantum efficiency were
obtained at 630 nm, and the maximum
detectivity was about
7.77x10"’cm.Hz'>.W™'. Response time of
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the manufactured detector was 227ns. This
work is a good attempt to manufacture the
heterojunction detector from V and VI
elements.
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Fig. (1) The Se/Sb-on-Si structure formed in this work
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Fig. (2) Transmission spectrum of the Se/Sb structure in the range (400-1100) nm
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Fig. (3) I-V characteristics of Se/Sb-on-Si structure at different incident light
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Fig. (4) I-V characteristics of Se/Sb-on-Si heterojunction in forward and reverse biasing
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Fig. (5) measured dark and light characteristics of Se/Sb-on-Si heterojunction using ImW
He-Ne laser and 0.8mW diode laser.
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Fig. (6) C?-V characteristics of the heterojunction in reverse biasing. V bi~0.8V
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Fig. (7) Wavelength-dependent spectral responsivity of the Se/Sb-on-Si heterojunction
detector
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Fig. (8) Quantum efficiency of the Se/Sb-on-Si heterojunction detector versus wavelength of
incident light. The maximum efficency is about 19.6%
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Fig. (9) Measured detectivity of the Se/Sb-on-Si detector versus wavelength of incident
light. The maximum detectivity is about 7.77x10"cm.Hz"2. W"!
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